Introduction
Exposure to traces of cobalt naturally present in air, food, and water is a normal occurrence: a small amount of cobalt in our diets is necessary to maintain good health.
As cobalt is widely dispersed in the environment, humans may be exposed to it by breathing air, drinking
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Open Access cause vasodilatation, flushing and cardiomyopathy in humans and animals [5] .
On the other hand, cadmium is a relatively rare element and does not naturally occur in its pure state; it is mainly found in association with zinc, lead and copper ores in the earth's crust in concentrations between 0.1 and 1 mg kg -1 [6] . Natural emissions of cadmium can result from volcanic activity, forest fires, generation of sea salt aerosols, weathering of rocks or other natural phenomena [7] . Cadmium has a limited number of applications but it is used for a variety of consumer and industrial materials. For example, it is often found as a pigment in plastic toys and food containers. Organic cadmium salts can be used as stabilizers for polyvinylchloride (PVC). Cadmium coatings are utilised on steel, aluminium, and certain other nonferrous metal fasteners and moving parts to provide the best available combination of corrosion resistance and low coefficient of friction. In addition, cadmium coatings exhibit excellent plating characteristics on a wide variety of substrates. It is also used as a component of various alloys. Less common uses include cadmium telluride and cadmium sulphide for solar cells, and other semiconducting cadmium compounds in a variety of electronic applications. Both natural processes and anthropogenic activities can contribute to the cadmium contamination of the environment and consequently of the food chain [8, 9] .
Cadmium has been reviewed by the International Register of Potentially Toxic Chemicals of the United Nations Environment Programme. As a result, it has been described as "one of the most dangerous trace elements in the food and the environment of man" and it has been included on the list of chemical substances and processes considered to be potentially dangerous at the global level [10] . Furthermore, the International Agency for Research on Cancer (IARC) has classified cadmium as a Group 1 carcinogen [11] , meaning the element might pose a serious health hazard for large groups of the population [12] . Because it is relatively poorly absorbed by the body, the uptake of Cd in the human digestive tract usually does not exceed 5 to 10 percent of its concentration in food [13] and accumulates in the kidney, causing renal damage. The absorption of cadmium is increased in iron deficient subjects, whereas the presence of di-or trivalent cations in food, such as calcium, zinc, or magnesium, reduces its absorption [14] . The toxicity of cadmium is mainly due to its free form. Other factors, including age [15] and gender, may also influence cadmium uptake or retention. Cadmium exposure has been associated with nephrotoxicity, osteoporosis, neurotoxicity, carcinogenicity, teratogenicity and endocrine and reproductive effects [16] .
Despite the significant advances in analytical instruments and approaches in recent years, sample pretreatment procedures must still be considered prior to an instrumental determination of analytes, especially for trace analytes in a sample [17] .
Sample preparation using dispersive liquid-liquid microextraction (DLLME) allows small volumes of solvent to be employed, making it an attractive "Green Chemistry" technique [18, 19] . It is based on a ternary component solvent system including disperser solvent, extraction solvent, and aqueous sample containing analytes of interest [20] . The main advantages of DLLME are the following: the negligible consumption of extraction solvents (microliter volumes), short extraction time due to the rapid achievement of an equilibrium state, and high enrichment factor due to the high phase ratio of the donor (aqueous phase) to the acceptor (extraction solvent).
Since the invention of DLLME technology in 2006 [21] , there has been a growing number of publications focused on this extraction technique, including original articles and reviews [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] .
This work describes the development of a procedure for the separation and preconcentration of cobalt(II) and cadmium(II) from a range of samples, and their determination by flame atomic absorption spectroscopy (FAAS). This procedure is based on the use of DLLME after complexing the metal ions with 1,5-bis(di-2-pyridylmethylene)thiocarbonohydrazide (DPTH).
Experimental

Standard solutions and reagents
Unless otherwise specified, all reagents were of analytical purity. Stock solutions of Co(II) and Cd(II) (1000 mg L -1 ) were purchased from Merck (Darmstadt, Germany), and standard solutions of these were prepared daily by their appropriate dilution.
High purity water (resistivity 18.2 MΩ cm) obtained by a Milli-Q water purification system (Millipore, Bedford, MA, USA) was used throughout this work. The reagent 1,5-bis(di-2-pyridinyl-methylene)-thiocarbohydrazone (DPTH) was synthesized and purified by the authors [33] . The 0.05% (w/v) DPTH solution was prepared by dissolving 0.05 g of the reagent in DMF (100 mL). Glassware was cleaned prior to use by soaking it in diluted HNO 3 (1 M), and then rinsing several times with deionized water. The acetate buffer solution (pH = 5.4) was prepared by mixing solutions of acetic acid (8.8 mL, 0.2 M) and sodium acetate (41.2 mL, 0.2 M), followed by the dilution with deionized water (100 mL).
Instrumentation
Phase separation was achieved with a centrifuge Selecta Centromix in 15 mL calibrated conical tubes. A Varian Model SpectrAA 50 (Mulgrave, Victoria, Australia) flame atomic absorption spectrometer was used for the analysis with the appropriate cobalt and cadmium hollow cathode lamps; the operating parameters were set as recommended by the manufacturer. Atomic absorption measurements were carried out in an air-acetylene flame. The following conditions were used for cobalt: absorption line, 240.7 nm; slit width, 0.2 nm; and lamp current, 7 mA. Similarly, the absorption line of Cd(II) was 228.8 nm, and the slit width and lamp current were 0.5 nm and 4 mA, respectively.
Sample analysis
The certified reference materials (CRM) used to study the accuracy and applicability of the method to the analysis of environmental water samples were CRM TMDA 54.4 Fortified Lake Water, LGC6016 Estuarine Water, and CASS-5 Eau de Mer. These samples were analyzed by the standard addition method; if the analyte content was under the detection limits of the method, recovery studies were carry out.
The proposed method was also evaluated by the analysis of Co(II) and Cd(II) in a variety of food samples. The Co(II) and Cd(II) concentrations in all the original samples were below the detection limit. The standard solutions containing Cd(II) and Co(II) were added to 0.3-1.0 g of food samples and the resulting materials were mineralized by reflux digestion with HNO 3 . This was followed by evaporation to eliminate excess acid, the adjustment of pH, and dilution to a convenient volume. The standard addition method was employed in all instances.
Natural water samples were collected in polypropylene bottles previously cleaned by soaking for 24 h in 10% (v/v) nitric acid and rinsed thoroughly with ultra-pure water.
DLLME procedure
Under the optimized experimental conditions, 10 mL of aqueous sample solution, with a pH adjusted to 5.4 (by the addition of 1 mL of acetate buffer solution), along with variable amounts of Co(II) and Cd(II), were placed into 15 mL round-bottom, screw-cap glass test tubes. Then, 1 mL of 0.05% DPTH solution in DMF was added as a chelating agent. A mixture of 0.5 mL of ethanol (as disperser solvent) and 0.5 mL of chloroform (as extraction solvent) were rapidly injected into the sample solution via a microsyringe, forming a cloudy solution in the test tube. During this step, extraction of the complexes into the organic phase occurred simultaneously. Separation of the phases was achieved by centrifugation at 3800 rpm for 5 minutes, after which the organic phase settled at the bottom of the test tube. Upon removal of the water, the extraction phase was evaporated in a water bath at 60ºC. The residue was diluted to 0.5 mL with 0.1 M HNO 3 for quantification studies with FAAS. The calibration graph was prepared against the aqueous standards by using the same DLLME procedure. Blank determinations were carried out in parallel to the measurements made for the calibration standards and sample solutions.
Results and discussion
One variable at a time optimization was used to obtain the optimal conditions for the DLLME. CHCl 3 was used as extracting solvent due to its low water solubility and low vapor pressure. Furthermore, chloroform has higher density than water, which is one of the most important requirements for developing the procedure. Ethanol was used as disperser solvent because it presents some advantages in comparison to methanol. The undesired properties are extreme flammability and toxicity of methanol. The heavy exposure to the methanol vapors can cause serious health problems (according to the U.S. law maximum permissible exposure to the methanol vapors is 260 mg m -³, compared to 1900 mg m -³ for ethanol). Ingestion irreversibly destroys the optic nerve causing blindness and 30 ml higher dose lead to death.
pH study
The separation of metal ions by DLLME involves prior formation of a complex with sufficient hydrophobicity to be extracted into the solid phase, allowing the desired preconcentration to be obtained. The pH of a solution plays a unique role in metal chelate formation and its subsequent extraction. The effect of pH on complex formation and the extraction of cadmium and cobalt from samples was studied in the range of 2.0-8.0 by using acetate (pH value 2-6) or phosphate buffer (pH value 6-8). The results revealed that the absorbance is nearly constant in the pH range of 5.0-5.5 for Co and 4.0-6.0 for
Effect of type and volume of disperser solvent
The role of the disperser solvent is to disperse an extraction solvent into an aqueous sample such that extensive contact area between the two is established; this facilitates mass transfer of analyte from water to organic solvent and causes considerable acceleration in the extraction of analytes. The miscibility of the disperser solvent with the extraction solvent and aqueous phase is the main point for selection of the disperser solvent; therefore, the dispersing ability of ethanol and methanol were individually investigated in amounts between 0.5 and 1.5 mL. The results (Figure 2 ) reveal a marginal difference between the two solvents. The most favorable results were obtained using 0.5 mL of chloroform and 0.5 mL of ethanol for both ions.
Cd. Thus, a value of 5.4 was selected for the experiments to follow. Also, the influence of the 0.2 M acetate buffer solution was investigated for varying the volume added from 0.5 to 3.0 mL. A volume of 1 mL was selected as the optimum value for subsequent work.
Effect of chelating reagent (DPTH) concentration
The effect of DPTH concentration on the absorbance was examined using 0.05% DPTH in volumes increasing from 0.5 to 2.0 mL. The results indicated that the change of DPTH concentration in the range studied did not significantly affect analytical signals; thus, a volume of 1 mL was used in other experiments.
Effect of DLLME parameters
Effect of type and volume of extractant
Careful consideration must be given to the selection of extraction solvent; it should possess a higher density than that of water, the ability to extract the compounds of interest, and be poorly soluble in water. With these criteria in mind, chloroform, carbon tetrachloride, and dichloromethane were compared in the extraction of cobalt and cadmium; the maximum extraction recovery was obtained with chloroform.
To examine the effect of extraction solvent volume, solutions containing different volumes of chloroform (0.3-0.7 mL) were subjected to the same DLLME procedure. Figure 1 illustrates the results obtained, and 0.5 mL of chloroform was the volume selected for subsequent experiments. 
Effect of the centrifugation rate
One of the most important parameters in the DLLME procedure was the centrifugation rate. To investigate its effect, a series of experiments were conducted at different rates from 1000 to 4000 rpm for five-minute cycles. The absorbance increased gradually up to a rate of 3500 rpm and then remained nearly constant. The optimal rate was determined to be 3800 rpm.
Effect of foreign ions
The effect of various ions on the efficiency of the method was studied under the optimized conditions. Because DPTH is a versatile chelating agent, interferences may occur due to the competition of other heavy metal ions and their subsequent co-extraction with Cd(II)/Co(II). For this purpose, the effect of typical potential interfering ions was investigated. The tolerance limits of the coexisting ions were defined as the largest amounts that reduced the recovery of Co(II) and Cd(II) to less than 95%; in these cases, the preconcentration procedure was carried out. The criterion for interference of each species was set at ±5% in the analytical signal obtained for a solution containing cobalt and cadmium, without any interference. These results are reported in Table 1 .
Analytical figures of merit
Analytical figures of merit of the proposed DLLME-FAAS method were obtained under optimal conditions and are summarized in Table 2 . In order to check for potential synergistic effects of the mixtures of two ions, calibration curves were constructed for cobalt between 20 -500 µg L -1
with different fixed amounts of Cd(II) (50, 100, and 300 µg L -1 ). In an identical manner, calibration curves for cadmium were obtained with fixed amounts of Co(II) (50, 100, and 300 µg L -1 ). Since slopes having similar values were obtained, it was concluded that, at the levels assayed, there are no synergic effects from Cd(II) to Co(II) and from Co(II) to Cd(II).
The preconcentration factor was determined as the ratio of the slopes of the linear section of the calibration graphs before and after preconcentration, and also by the ratio of the volumes.
The detection limits were defined as the concentrations of analyte giving signals equivalent to three times the standard deviation of the blank, plus the net blank signal.
Analysis of standard reference materials
In order to assess the accuracy and validity of the procedure, the method was applied to the determination of cobalt and Table 3 ). The content of Co and Cd in CASS-5 were below the detection limits of the method; therefore, different amounts of these ions were added to the samples to verify the possibility of determining the content of Co and Cd by the proposed procedure. Good recoveries were obtained in all cases.
Analysis of water and food samples
Following the determination of cobalt and cadmium in water and food samples, the ability to recover these elements from samples spiked with cobalt and cadmium was investigated. For this purpose, standard solutions containing different quantities of these elements were added to food samples and the resulting materials were prepared as described in Section 2. For water analysis, the standard addition method was used in all instances and the results were obtained by extrapolation; these are summarised in Table 4 .
Conclusions
Dispersive liquid-liquid microextraction has become a powerful tool for sample treatment on account of several advantages: simplicity, effectiveness, low cost, low detection limits, high recoveries within a short time compared to other techniques, and environmental friendliness. In particular, sample preparation time and consumption of toxic organic solvents were minimized in this method because the organic solvent was eliminated by using a 60ºC water bath. The accuracy of the proposed method has been verified by analysis of certified reference materials, with good agreement. The FAAS technique provided detection limits between 13 µg L -1 and 2 µg L -1 for Co and Cd, respectively, which is impossible to obtain using the direct method of FAAS due to the low sensitivity. Table 3 : Analysis of certified reference materials for the determination of Co(II) and Cd(I) with DLLME-FAAS method (avg. ± SD of three trials).
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